environmentally hazardous elements. Hematite has been widely studied for photochemical purposes, 7 including as powders, 8 thin films, 9 and as a heterojunction component. 10, 11 However, the efficiency of Fe 2 O 3 as a photocatalyst is thought to be limited by low hole mobility and short carrier lifetimes. Previous work in the SrTiO 3 /Fe 2 O 3 system has focused on improving the activity of SrTiO 3 through the incorporation of Fe 2 O 3 as an electron scavenger. 10, 11 Those experiments tested the activity of the heterostructures towards photochemical oxidation 35 (with SrTiO 3 acting as a photoanode ~0.01 nm/sec using x-ray reflectometry for the measurement of film thickness. The films were identified to be (0001) oriented "-Fe 2 O 3 , as characterized by x-ray diffraction (XRD). The $-2$ scans were performed on an X'Pert Pro MPD diffractometer (PANalytical, Westborough MA).
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The pellet used for photochemical experiments was lapped and polished using a Logitech PM5 autopolisher (Logitech Ltd, Scotland, UK), with a final polishing step of 0.02 %m colloidal silica (MasterMet 2, Buehler, Lake Bluff, IL). The polished samples were annealed at 1000 °C for 6 h to repair polishing 60 damage and thermally groove the grain boundaries.
Photochemical activity was measured by the reduction of aqueous silver ions to solid silver, following procedures described in earlier work. 13, 14 The concentration of AgNO 3 solution used in this experiment was 0.1 M. The sample was 65 illuminated with light from a commercially available blue LED (# = 470 nm, Philips Lumileds, San Jose, CA) that passed through a collimating lens to minimize reflection at the film/substrate interface. The LED was driven by a DC power supply at a fixed current of 750 mA, corresponding to a power of 3 W. The 70 samples were illuminated for 30 s, then rinsed with deionized water, and dried with forced air. The surfaces of the samples before and after reaction were imaged with atomic force microscopy (AFM) (Solver Next, NT-MDT, Moscow, Russia). Conventional semicontact mode was used to image the surfaces 75 before and after reaction. Energy dispersive spectroscopy in the SEM was used to verify that the reaction product contained silver and X-ray diffraction was used to verify that the silver crystallized as the FCC structured metallic phase. reaction, the surface of the film on alumina (Fig. 1d) shows occasional small silver deposits, visible as bright spots on the micrograph. The surface of the film on the SrTiO 3 (111) substrate (Fig. 1e ) is covered in a thick, inhomogeneous layer of reaction product. The amount of silver present after reaction on the film 90 supported on the SrTiO 3 substrate is much greater than for the film on alumina or for the bulk sample (Fig. 1f) . Of particular note is the difference in vertical scales for the micrographs after the photochemical reduction of Ag. The vertical scale for the reaction on the SrTiO 3 supported film is 290 nm, as compared to 100 nm and 68 nm for the film on alumina and the bulk hematite, respectively. The differences in the heights of the Ag on the three surfaces are shown quantitatively in Fig. 2 , which compares the topography along lines from the three micrographs in Fig. 1d-f . 15 The heights of the Ag deposits on the !-Fe 2 O 3 / SrTiO 3 (111) heterostructure range from 100 to 250 nm. On the other two surfaces, all of the deposits are less than 100 nm. The images in Fig. 1 are characteristic of all areas that were examined. The results presented in Fig. 1 and Fig. 2 
reactivity for the reduction of silver ions than a comparable film on Al 2 O 3 and even bulk hematite. The images in Fig. 1 reveal that the film on SrTiO 3 has the greatest silver surface coverage. The data in Fig. 2 show that the silver deposits are larger for films on SrTiO 3 than for films on alumina or for bulk Fe 2 O 3 .
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This result is surprising for multiple reasons. The structure of both films does not vary enough to cause the marked difference in reactivity. Both films are (0001)-oriented !-Fe 2 O 3 of nominally equal thickness. Based on the depth of light absorption in Fe 2 O 3 , one could expect the bulk sample to be much more reactive than 35 the films. The thickness of the films used in this experiment was roughly 50 nm. The penetration depth of 470 nm photons in hematite reported to be approximately 450 nm. 15 The films were of a sufficient thickness to absorb only a fraction of the incident light, in contrast to the bulk sample, which was much thicker than 40 the absorption depth. Furthermore, based on the index of refraction mismatch, the the active layer, more holes can reach the surface without recombining. One could make the reverse argument here to explain the current observations. In this case, the SrTiO 3 layer can act as a hole acceptor, increasing the number of photogenerated electrons that reach the Fe 2 O 3 surface to 65 participate in the photocathodic reaction. This could explain why the thin film sample has a much higher reactivity than the bulk material, even though less light is absorbed. Because the band gap of alumina is significantly larger than that of the Fe 2 O 3 film, there exists a significant barrier to charge transfer across the 70 interface. As a result, the alumina substrate cannot accept holes, and the recombination rate within the film is not decreased. Assuming SrTiO 3 acts as a hole acceptor and this is responsible for the increased reactivity, we must also consider what happens to these holes. In our experimental set-up, there is 75 no path to ground or to complete the circuit with the solution. If the holes were to build up in the substrate, the heterostructure would become charged and the reaction would stop.
A second, and in our view more likely, explanation is that uncompensated charge at the SrTiO 3 (111) acts to separate Figure 3 illustrates a schematic view of our proposed explanation for the enhanced reactivity of !-Fe 2 O 3 /SrTiO 3 (111) 15 heterostructures. In the hematite film above positively terminated domains, bands bend downward and draw photogenerated electrons to the internal interface while holes are drawn to the hematite/solution interface. The opposite occurs in negative domains and this is where the reduction of silver occurs. In each 20 case, the complementary carriers can recombine within SrTiO 3 , so there is no charge accumulation. Note that the previous work showed that charged domains on the SrTiO 3 (111) surface have dimensions on the order of 1-2 microns. This may account for the highly heterogeneous distribution of Ag on the surface of the 25 heterostructure (see Fig. 1e ). and others have a negative termination (lower). The charged termination will cause the bands in the film to bend in a way that will move carriers in opposite direction. Ec and Ev label the conduction and valence band edges, respectively. 
